Abstract: Streptococcus agalactiae and Aeromonas hydrophila have been recognized as the causative agents of mortality in tilapia larvae with single infection and coinfection. The objective of this study was to evaluate the efficacy of maternal transfer and offspring protection from the immunization of monovalent and bivalent vaccines on Nile tilapia (Oreochromis niloticus) broodstock and larval immunization. Four groups of broodstock were intraperitoneally injected with formalin killed whole-cells of S. agalactiae (Sa group), A. hydrophila (Ah group), the bivalent mixed vaccine of them (Biv group), and phosphate-buffered saline as a control (Pbs group). Immunization of the larvae produced from immunized broodstock with a bivalent vaccine (Biv1 group) and Pbs (Pbs1 group) was performed by immersion at 20 days after hatch. Larvae produced from the Pbs group were unvaccinated as the control (Pbs2 group). Changes in the specific antibody and relative percent survival were measured. The Sa and Ah groups that could increase specific antibodies and protection against pathogenic bacteria were challenged with the homologous bacteria. The Biv group stimulated and protected against both S. agalactiae and A. hydrophila. The specific antibody of the Biv1 group was higher than the Pbs1 and Pbs2 groups. The last observation in this study showed that the relative percent survival of the Biv group after challenged S. agalactiae, A. hydrophila, and coinfection were 74.74 ± 3.18%, 73.81 ± 8.58%, and 71.48 ± 5.70%, respectively. The use of bivalent vaccines on the broodstock and larvae may be a strategy to reduce mortality in Nile tilapia larvae caused by single pathogen infection of S. agalactiae and A. hydrophila, or coinfection with both S. agalactiae and A. hydrophila.
Introduction
Nile tilapia (Oreochromis niloticus) is one of the important fish aquacultures worldwide, with a production above 3.9 million tons in 2015 [1] . The development of intensive aquaculture has led to the emergence of various bacterial diseases [2] . Streptococcus agalactiae is a gram-positive bacteria, the causative agent of streptococcosis in Nile tilapia [3, 4] . Outbreaks of S. agalactiae infection in tilapia have been reported in several countries around the world [5] [6] [7] [8] [9] [10] [11] . Another bacteria known to have a devastating effect on the survival rate in tilapia farms is Aeromonas hydrophila [12, 13] . A. hydrophila is a gram-negative, free-living bacteria, opportunistic pathogen and the causative agent of motile aeromonad septicemia [14] .
Results

The First-Stage
Efficacy of Broodstock Immunization
Immunization efficacy was evaluated by using the immersion challenge model aimed at evaluating the relative percent survival (RPS) of larvae produced from immunized broodstock. The cumulative mortality obtained for offspring produced from the four groups of broodstock immunization were challenged with S. agalactiae, A. hydrophila, and coinfection with both S. agalactiae and A. hydrophila at 5, 10, 15, and 20 days after hatching (the cumulative mortalities are detailed in Table S1A -D in the Supplementary Materials). The RPS of the offspring produced from broodstock immunized with the S. agalactiae vaccine and broodstock immunized with the bivalent vaccine showed no significant difference following the S. agalactiae challenge (p > 0.05). The offspring produced from broodstock immunized with the A. hydrophila vaccine and broodstock immunized with the bivalent vaccine was not significant when challenging A. hydrophila at the same stage (p > 0.05). The RPS in larvae produced from broodstock immunized with S. agalactiae vaccine became infected with A. hydrophila and larvae produced from broodstock immunized with the A. hydrophila vaccine following S. agalactiae challenge had failing protection. The monovalent vaccination only protected homologous bacteria; however, the immunization of broodstock with the bivalent vaccine induced stronger protection against coinfection (p < 0.05) when compared to immunizing the broodstock with the monovalent S. agalactiae and A. hydrophila vaccine. The relative percent survival of broodstock immunized with the S. agalactiae, A. hydrophila, and bivalent vaccines are shown in Table 1 . Table 1 . Relative percent survival of offspring produced from the Sa, Ah, and Biv group after being challenged with Streptococcus agalactiae, Aeromonas hydrophila, and coinfection at larvae aged 5, 10, 15, and 20 days after hatch. The relative percent survival values compared in the statistical analysis were the immunization treatment challenged by the same pathogenic bacteria and stadium (e.g., the Sa, Ah, and Biv groups were compared when larvae were challenged with S. agalactiae pathogenic bacterium at the larvae aged five days). Different superscript letters in the same sampling period showed significantly different immunization effects (Duncan's test: p < 0.05). Sa: S. agalactiae group, Ah: A. hydrophila, Biv: bivalent mixed vaccine group.
Treatments
Antibody Titer of Immunized Broodstock
The antibody titer of broodstock serum, egg, and larva homogenates were assessed using the indirect enzyme-linked immunosorbent assay (ELISA) on each specific S. agalactiae and A. hydrophila antigen. After the broodstock was immunized, the antibody level from broodstock immunized with the S. agalactiae vaccine showed significantly different higher values than the control. Furthermore, the broodstock with a bivalent vaccine (which was significantly different from control) was tested with the S. agalactiae antigen (p < 0.05), as shown in Figure 1A . The same result was also seen from the immunized broodstock with A. hydrophila and the bivalent vaccine, which showed significantly different higher values when compared to the control against the A. hydrophila antigen (p < 0.05), as shown in Figure 1B . The detectable antibodies in the treatment group of the offspring from the immunized broodstocks were similar to the controls when tested for different antigens (e.g., the Sa group against the A. hydrophila antigens was not significantly different from the Pbs group). However, immunization with the bivalent vaccine produced antibodies when tested on the S. agalactiae and A. hydrophila antigens, respectively ( Figure 1A,B) . Antibody from tilapia serum zero (before immunization), seven, and 14 days after immunization, egg homogenates and larva homogenates aged 5, 10, 15, and 20 days after hatching against S. agalactiae antigens coating (A) and A. hydrophila antigens coating (B). Different superscript letters in the same sampling period showed significantly different immunization effects (Duncan's test: p < 0.05), bbi: before broodstock immunization, dah: days after hatch, Pbs: phosphate buffered saline, λ: optical density, dabi: days after broodstock immunization.
Second Stage
Efficacy of Immunization of Larvae Production from Immunization Broodstock
The results from this study showed that the RPS of the larval immunized from the broodstock immunized with the bivalent vaccine was higher (p < 0.05) when compared to the larval immunized with the bivalent vaccine from the broodstock immunized with Pbs against S. agalactiae, A. hydrophila, and coinfection. The final RPS of the observation larval immunized with the bivalent vaccine produced from the broodstock immunized that was challenged with S. agalactiae, A. hydrophilia, and coinfection was 74.74 ± 3.18%, 73.81 ± 8.58%, and 71.48 ± 5.70%, respectively. The RPS of tilapia larvae is presented in Table 2. (The cumulative mortalities are detailed in Tables S2A,B in 
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Discussion
An outbreak of S. agalactiae infection in tilapia was reported at the hatchery in Malaysia [5] and Cirata Lake in Indonesia [8] . Another bacterial pathogen that often infects tilapia is A. hydrophila [12, 13] . Currently, coinfection with both S. agalactiae and A. hydrophila has been reported in Nile tilapia in Indonesia [18, 19, 36] . Fish mortality often occurs at the larval stage as the ability of fish immunity in early life is still limited [20] [21] [22] [23] . The development of the tilapia immune system begins at two days of age, and the medulla and cortex thymus organs are differentiated by 20 days of age [24] and are believed to be immunocompetent at 21 days of age [26] . The early stage is still dependent on maternal immunity and one way to increase the protection of larvae against the disease is by immunizing the broodstock with the purpose of transferring maternal immunity to the offspring [22] [23] [24] [27] [28] [29] [30] [31] [32] [33] [34] [35] .
Immunizations to the broodstock using a monovalent whole cell vaccine of S. agalactiae, A. hydrophila, and the bivalent mixture challenged with S. agalactiae, A. hydrophila, and the combination of them (coinfection) were performed in this study. Efficacy vaccination was evaluated by using a challenge model aimed at evaluating the RPS [37] . The results showed that the larvae RPS from the immunization of the monovalent vaccine to the broodstock did not provide cross-protection (e.g., larvae produced from broodstock immunized with S. agalactiae vaccine appeared to fail to protect larvae against A. hydrophila and coinfection. In addition, immunization broodstock with the A. hydrophila vaccine had lower protection against S. agalactiae and coinfection) ( Table 1) . The results of this study demonstrated that the immunization of broodstock with the S. agalactiae or A. hydrophila monovalent vaccine was not sufficient for the protection of different bacteria or coinfection with both S. agalactiae and A. hydrophila. According to Sugiani et al. [18] and Sumiati et al. [19] , broodstock immunized with S. agalactiae and A. hydrophila monovalent vaccines did not conduct effective protection when challenged with different bacteria or coinfection. However, the broodstock immunized with the bivalent vaccine produced protection from both pathogens, similar to vaccine preparation. High larval protection resulting in a transfer of maternal immunity with the immunization of the monovalent vaccine to the broodstock has been widely reported, such as the immunization of fish broodstock with a Streptococcus iniae vaccine on Nile tilapia [33] , the A. hydrophila vaccine [35] , and the S. agalactiae vaccine [34, 38] . The results of the bivalent immunization treatment on the broodstock protected the larvae when challenged to a single infection of S. agalactiae, A. hydrophila, and coinfection with both S. agalactiae and A. hydrophila. This result was one of the advantages of using the multivalent vaccine. Another advantage of the multivalent vaccine was the . Antibody levels from the 14 and 21 days larvae homogenates after larval immunization against S. agalactiae antigens coating (A) and A. hydrophila antigens coating (B). Different superscript letters in the same sampling period showed significantly different immunization effects (Duncan's test: p < 0.05). dali: days after larvae immunization.
Immunizations to the broodstock using a monovalent whole cell vaccine of S. agalactiae, A. hydrophila, and the bivalent mixture challenged with S. agalactiae, A. hydrophila, and the combination of them (coinfection) were performed in this study. Efficacy vaccination was evaluated by using a challenge model aimed at evaluating the RPS [37] . The results showed that the larvae RPS from the immunization of the monovalent vaccine to the broodstock did not provide cross-protection (e.g., larvae produced from broodstock immunized with S. agalactiae vaccine appeared to fail to protect larvae against A. hydrophila and coinfection. In addition, immunization broodstock with the A. hydrophila vaccine had lower protection against S. agalactiae and coinfection) ( Table 1) . The results of this study demonstrated that the immunization of broodstock with the S. agalactiae or A. hydrophila monovalent vaccine was not sufficient for the protection of different bacteria or coinfection with both S. agalactiae and A. hydrophila. According to Sugiani et al. [18] and Sumiati et al. [19] , broodstock immunized with S. agalactiae and A. hydrophila monovalent vaccines did not conduct effective protection when challenged with different bacteria or coinfection. However, the broodstock immunized with the bivalent vaccine produced protection from both pathogens, similar to vaccine preparation. High larval protection resulting in a transfer of maternal immunity with the immunization of the monovalent vaccine to the broodstock has been widely reported, such as the immunization of fish broodstock with a Streptococcus iniae vaccine on Nile tilapia [33] , the A. hydrophila vaccine [35] , and the S. agalactiae vaccine [34, 38] . The results of the bivalent immunization treatment on the broodstock protected the larvae when challenged to a single infection of S. agalactiae, A. hydrophila, and coinfection with both S. agalactiae and A. hydrophila. This result was one of the advantages of using the multivalent vaccine.
Another advantage of the multivalent vaccine was the use of one dose containing many antigens to make the injection immunization more cost-effective and reduce fish stress [39] . The RPS of the maternal immunization treatment decreased until the larvae age of 20 days. The same result from the study by Nisaa et al. [34] showed that RPS larvae from broodstock immunization began to decline with the development of the larvae. Maternal immunity lasted up to the juvenile stage [22] . The study on bivalent immunization, which was used as maternal immunity, was the first study, so there is no comparative literature related to maternal immunity with the bivalent vaccine.
The RPS of bivalent broodstock immunized and immunized larvae with the bivalent vaccine were higher than the immunization treatment only at larval stage (Table 2) . Sukenda et al. [40] reported that larvae immunization by immersion with a S. agalactiae vaccine was less fortunate in protecting the larvae against S. agalactiae. Unsuccessful larval immunization may be due to the administration of a vaccination when the immune system is not fully formed. This result is inversely related to the study when immunized larvae were produced from immunized broodstock. Broodstock immunization can probably improve the quality of offspring it produces. Cao et al [24] reported the larvae at 20 days of age already exist differentiation in the thymus organ. Nisaa [41] and Firdausi et al. [42] showed that the re-immunization of tilapia at 20 days after hatching increased larvae protection. The re-immunization treatment in fish has also been shown to improve fish survival [43, 44] . Re-immunization treatment may also be used to restore protection when fish susceptibility to disease or re-immunization may take place several months after the first immunization [45] .
The antibody titer measurement on the serum broodstock increased when compared to the broodstock before immunization. The antibody titer in the serum, egg homogenates, and larva homogenates after the immunization treatment of the monovalent and bivalent vaccine increased when compared to the control at the same time ( Figure 1A,B) . In line with this, Nisaa et al. [34, 36] and Sukenda et al. [35] found that vaccinated broodstock treated with the S. agalactiae or A. hydrophila vaccine had increased antibodies to homologous antigen coatings. The antibody titer of the bivalent vaccine increased significantly when compared to the control when tested for both bacterial antigens ( Figure 1A,B) . Sugiani et al. [18] and Sumiati et al. [19] also reported that Nile tilapia immunized with the bivalent S. agalactiae vaccine and A. hydrophila vaccine could increase antibodies against both antigen preparations. The antibodies of egg and larvae homogenates from the broodstock immunization treatment with the monovalent vaccine, when tested with the S. agalactiae coating antigen, were higher than bivalent, but still significantly different from the treatment of the control ( Figure 1A ). As previously reported by Sugiani et al. [18] and Sumiati et al. [19] , higher specific antibodies were obtained from homologous antigens than heterologous antigens. Immunized broodstock produced a serum antibody titer and the results on egg and larva homogenates were also directly proportional. This result may be because broodstock immunization with the bivalent vaccine produced higher antibodies which were then transferred to their offspring via eggs. A study on several species of fish has also shown the transfer of specific antibodies from the broodstock to offspring [20] [21] [22] [23] [30] [31] [32] [33] [34] [35] . The mechanism of the transfer of specific antibody immunity, when immunized with the bivalent vaccine, is unknown. However, some research has suggested that the maternal immunity transfer occurs at the time of the vitellogenesis process. Vitellogenin is carried by the blood and absorbed by the oocyte, which later enlarges to a maximum size. This pathway of vitellogenesis was used for the transfer of specific and non-specific immunities into the yolk [22, 24] . Increased antibodies are also often associated with an increase in relative-percent survival [38] . A study by Mingming et al. [23] also showed that the antibody level value would decrease after the egg stage. The antibody originating from the broodstock was usually gradually weakened during the yolk absorption process [27, 28] .
The antibody results from the broodstock and the vaccinated larvae with the bivalent vaccine were significantly higher than the control treatment and the immunization larvae with the bivalent vaccine without immunized broodstock. Sukenda et al. [40] reported that the immunization of larvae with immersion had not shown optimal protection against S. agalactiae infection. Swain et al. [46] indicated that early immunization in fish took about four weeks to improve the level of antibodies of Indian major carps. In tilapia, IgM formation has occurred at 14 days of age [25] and some believe the age of immunocompetent tilapia to be 21 days [26] . However, the results of this study showed that antibodies remained elevated after larval immunization by immersion from broodstock immunized with the bivalent vaccine (Figure 2 ). Until now, there has been no mechanism to increase antibody titer on larval immunization treatment from immunized broodstock. This result may be due to the improved larval quality production from the broodstock. Moreover, some studies on fish conducted by repeated exposure to antigens may increase antibodies [44, 47] . Nisaa [41] and Firdausi et al. [42] demonstrated that larval immunization at 20 days after hatch with S. agalactiae vaccine production from broodstock S. agalactiae immunization could increase the protection of larvae against S. agalactiae.
The results of this study demonstrated that antibody production had an aligned correlation with protection efficacy.
Materials and Methods
Broodstock
Nile tilapia (Oreochromis niloticus) used in this study were Nirvana tilapia obtained from the Seed Development Center Freshwater Fish, Wanayasa, West Java, Indonesia. Fish weighed 251.61 ± 19.18 g and were separated into males and females. The ratio of male and female fish was 1:3 and they were maintained in a 2.5 × 2.5 × 1 m 3 with a continuous flow of water and air. Fish were fed with commercial feed PF1000 (Prima Feed, Surabaya, Indonesia) twice daily. The broodstock were kept at 28.1-29 • C, pH 6.85-7.86, dissolved oxygen 5.1-7.7 parts per million, and ammonia 0.04-0.10 mg/L.
The experimental procedures and treatment of fish in this study have been approved by the Indonesia local authorities (Animal Care and Use Committee, Bogor Agricultural University, Indonesia. No: 21/2014IPB).
Vaccine Preparation
Preparation of a whole-cell S. agalactiae vaccine has previously been described by [48] . S. agalactiae N 3 M isolate was obtained from the Center for Research and Development of Freshwater Aquaculture, Bogor, West Java, Indonesia. S. agalactiae was cultured in Brain Heart Infusion Broth (BHIB, HiMedia, Mumbai, India) with an incubation period of 72 h at 28-30 • C. Concentration was calculated using the total plate count method and showed 10 9 Colony Forming Unit (CFU)/mL. Formalin 0.5% was added to the medium and incubated for 24 h. The suspension was then centrifuged at 7000 rpm for 30 min at 4 • C. The pellets were washed twice with phosphate buffered saline (PBS) and centrifuged to remove the formalin residue. Finally, PBS, as much as the initial volume of bacterial culture, was added. Vaccine suspension was cultured on brain heart infusion (BHI) agar and incubated for 72 h to ensure that S. agalactiae was killed and there was no contamination.
A. hydrophila was obtained from the Fish Health Laboratory, Bogor Agricultural University, West Java, Indonesia. The whole-cell A. hydrophila vaccine was made using modified Sukenda et al. [35] . A. hydrophila was cultured in Tryptic Soy Broth (TSB, Merck, Germany), then incubated with a shaker for 24 h at 29-30 • C. Bacterial culture was inactivated by adding 0.5% formalin and then incubated for 24 h at 29-30 • C. The final density of bacteria obtained before inactivation with formalin was 10 9 CFU/ mL. The inactive bacteria were obtained by centrifugation at 5000× g for 30 min. The pellets were washed twice with PBS and the bacteria sediment was re-suspended as much as the initial volume of bacterial culture. The vaccine viability was tested on tryptic soy agar and if bacteria did not grow within 24 h, the vaccine could be used. The bivalent vaccine was prepared with a mixture of both vaccine preparations with a vaccine formulation of whole-cell S. agalactiae and A. hydrophila.
First Stage. Immunization of Broodstock
Forty-eight fish broodstock specimens were divided into four groups, with nine females and three males in each group. The broodstocks were anesthetized and the Sa group was immunized with the S. agalactiae vaccine; the broodstock Ah group was immunized with the A. hydrophila vaccine; and the broodstock Biv group was immunized with the bivalent vaccine (prepared with a mixture of both S. agalactiae of 75% and A. hydrophila of 25% (v/v)) [49] . The Pbs group was a control group where the broodstock was injected with PBS. Immunization of the broodstock was performed seven days after spawning [34, 36] . Immunization was given by intraperitoneal injection with a dose of 0.4 mL/kg fish. The plan of immunization, a collection of eggs, larvae, and the challenge experiment are presented in Figure 3 .
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Challenge Experiment
The efficacy of the vaccine was obtained by conducting the test of immersion challenge to larvae produced from broodstock immunization. Triplicate groups of larvae were immersion infected with dilutions for single S. agalactiae (10 7 CFU/mL), single A. hydrophila (10 7 CFU/mL), and coinfection (10 6 CFU/mL of each bacteria (obtained from unpublished preliminary test results)). The challenge test was performed on the larvae at 5, 10, 15, and 20 days after hatch. Dead fish were removed from the container and bacteria were aseptically cultured on BHI agar and Rimler-Shotts (RS) medium from dead fish to confirm the S. agalactiae and A. hydrophila. The cumulative mortality from immunized and unimmunized fish for each experiment was determined over a 12-day period. The efficacy of the vaccine was calculated as a RPS [50] . Moribund/dead fish were removed from the container and bacteria were aseptically cultured on BHI agar and RS medium from dead fish to confirm the S. agalactiae and A. hydrophila. The cultured bacteria were identified by biochemical assays according to Bergey's Manual of Determinative Bacteriology (Holt et al. 1994) , then the Analytical Profile Index (API) 2'Strep system (bioMérieux, Craponne, France) and the API 2'E (bioMérieux, France) were used for more precise bacterial characterization. Isolated bacterium from BHI agar was identified as Streptococcus agalactiae and isolate bacteria from RS medium was identified as Aeromonas hydrophila. 
The efficacy of the vaccine was obtained by conducting the test of immersion challenge to larvae produced from broodstock immunization. Triplicate groups of larvae were immersion infected with dilutions for single S. agalactiae (10 7 CFU/mL), single A. hydrophila (10 7 CFU/mL), and coinfection (10 6 CFU/mL of each bacteria (obtained from unpublished preliminary test results)). The challenge test was performed on the larvae at 5, 10, 15, and 20 days after hatch. Dead fish were removed from the container and bacteria were aseptically cultured on BHI agar and Rimler-Shotts (RS) medium from dead fish to confirm the S. agalactiae and A. hydrophila. The cumulative mortality from immunized and unimmunized fish for each experiment was determined over a 12-day period. The efficacy of the vaccine was calculated as a RPS [50] . Moribund/dead fish were removed from the container and bacteria were aseptically cultured on BHI agar and RS medium from dead fish to confirm the S. agalactiae and A. hydrophila. The cultured bacteria were identified by biochemical assays according to Bergey's Manual of Determinative Bacteriology (Holt et al. 1994) , then the Analytical Profile Index (API) 2'Strep system (bioMérieux, Craponne, France) and the API 2'E (bioMérieux, France) were used for more precise bacterial characterization. Isolated bacterium from BHI agar was identified as Streptococcus agalactiae and isolate bacteria from RS medium was identified as Aeromonas hydrophila.
Second Stage. Immunization of Larvae from Immunized Broodstock.
The larvae produced from the Biv group were immunized with the bivalent vaccine (Biv1 group), larvae produced from the Pbs group were unvaccinated as the control (Pbs2 group), and larvae produced from the other Pbs group were also immunized with the bivalent vaccine (Pbs 1 group). Immunization was performed at 20 days after hatching with immersion in 10 7 CFU/mL vaccine. Immunization was performed by immersing for 60 min in a vaccine solution with constant aeration and then the larvae were kept in clean water (no vaccine content) for another 10 min and then transferred to the maintenance aquarium. The Biv1, Pbs1, and Pbs2 groups were challenged against the pathogenic S. agalactiae, A. hydrophila, and coinfection at 14 days and 21 days after larvae immunization. The bacterial preparation was similar to that described in the challenge test treatment of larvae from the immunized broodstock (Section 4.4. Challenge Experiment). Larvae after infection were kept in aquaria and fed twice a day. Death was recorded for 12 days and the efficacy of the vaccine was calculated as a RPS [50] . Moribund/dead fish were removed from the container and bacteria were aseptically cultured on BHI agar and RS medium from dead fish to confirm the S. agalactiae and A. hydrophila.
Isolates from BHI agar and RS medium were identified by biochemical assays according to Bergey's Manual of Determinative Bacteriology (Holt et al. 1994), and then the API 2'Strep system (bioMérieux, France) and the API 2'E (bioMérieux, France) were used for more precise bacterial characterization. Isolates were identified as Streptococcus agalactiae and Aeromonas hydrophila.
Serum Preparation
Serum sampling was performed according to [28] with slight modification. Sampling was carried out at zero (before immunization broodstock), seven, and 14 days after broodstock immunization. The fish were anesthetized and we collected non-anticoagulated blood from three broodstocks for each treatment. Blood was allowed to clot at room temperature for 3 h and then settled at 4 • C (overnight). Serum was collected after centrifugation at 5000 rpm for 10 min, divided into aliquots. and stored at −20 • C.
Preparation of Eggs and Larvae Homogenates
The sampling of eggs and larvae homogenates was carried out according to [28] . The egg samples were collected from three broodstocks of the broodstock immunization treatment groups. The larvae were collected at 5, 10, 15, and 20 days after hatching, and 14 and 21 days after larval immunization. Each egg and larvae sample was homogenized in PBS-T (PBS + 0.05% Tween-20) solution at a ratio of 1:4. Furthermore, it was centrifuged at 5000 rpm for 10 min. An aliquot of all samples was stored at -20 • C for further use to determine the antibody level.
Antibody Level
The antibody titer was measured using an indirect ELISA method described by [51] and [19] with a slight modification. The antigens used were S. agalactiae and A. hydrophila, which were prepared by sonification. The total proteins of sonicated S. agalactiae and A. hydrophila antigens were determined by the Bradford [52] and adjusted to a concentration of 10 µg/mL protein using the carbonate-bicarbonate buffer (pH 9.6). A 100 µL antigen suspension of S. agalactiae and A. hydrophila was then added to a different microtiter plate with 96 wells of 100 µL (TPP Techno Plastic Products AG 9209, Trasadingen, Switzerland) and incubated at 4 • C overnight. After incubation, the microtiter plates were then washed three times using PBS-T (PBS pH 7.4 + 0.05% Tween-20 Sigma, Darmstadt, Germany), and the wells were blocked with 3% bovine serum albumin (BSA, Sigma). The microplate was incubated at 25 • C for 1 h, and then the plates were washed three times with PBS-T. Serum samples from broodstock Nile tilapia were diluted at a ratio of 1:50 on PBS-T, while the eggs and larvae were diluted at a ratio of 1:16 on PBS-T, and the yield suspension was then added to three microtiter plate replication wells of 100 µL, followed by incubation at 25 • C for 1 h. The plates were washed with PBS-T. The long-chain anti-Nile Ig (obtained from Nisaa et al. [34] ) for polyclonal specific antibodies was diluted at a ratio of 1:200 (v/v) in PBS-T, and 100 µL from the resulting solution was added to each microtiter plate well and incubated at 25 • C for 1 h, before being washed using PBS-T. Anti-Rabbit IgG (whole molecule)-Peroxidase antibody produced in goat (Sigma) was diluted at a ratio of 1:15,000 on PBS-T and a solution of 100 µL was added to each microtiter plate well. The microtiter plate was incubated at 25 • C for 1 h, then washed. One-Step Ultra TMB-ELISA (100 µL) (Sigma) was added to the microtiter well plate. After 20 min, the ELISA reaction was then discontinued by adding 50 µL H 2 SO 4 3 M into each well of the microplates. Optical density readings were then performed using a Microplate Reader (Rayto RT-2100C, Shenzhen, China) at 450 nm.
Statistical Analysis
All the data were presented as means ± standard error (M ± SE) from three replicates. The statistical analysis of RPS was performed by comparing the immunization group treatment with the challenge test on the same pathogenic bacteria and the same stage. RPS, antibody levels from the first stage, and antibody levels from the second stage were tested using one-way analysis of variance with a Duncan's test. RPS from the second stage were tested using an independent sample T-test. Significant differences were determined at p < 0.05 ± standard error. The statistical analysis used SPSS Software (version 24.0 for Windows, SPSS Inc., Chicago, IL, USA).
Conclusions
This study concluded that immunization broodstock specimens using a monovalent vaccine of S. agalactiae and A. hydrophila were able to increase the serum antibody of the broodstocks, egg homogenates, and larvae homogenates when tested with homologous bacteria. Immunization of broodstock using the bivalent vaccine was able to increase specific antibody titers when tested with the S. agalactiae and A. hydrophila antigens. The larvae production from immunization broodstock using monovalent vaccines was only able to protect a single infection of pathogenic bacteria similar to vaccine preparations. The larvae production from immunization broodstock using bivalent vaccines was capable of protecting the larvae against single infections, as well as coinfection with S. agalactiae and A. hydrophila. Immunization with the bivalent vaccine to larvae produced from broodstock immunized with a bivalent vaccine could increase the antibody titer and protect against S. agalactiae and A. hydrophila, as well as coinfection with both S. agalactiae and A. hydrophila.
Supplementary Materials: The supplementary table can be found at www.mdpi.com/2410-3888/3/1/16/s1. Table S1A. The cumulative mortalities from Sa, Ah and Biv group after challenged with S. agalactiae, A. hydrophila and coinfection at larvae aged 5 days after hatch. Table S1B. The cumulative mortalities from Sa, Ah and Biv group after challenged with S. agalactiae, A. hydrophila and coinfection at larvae aged 10 days after hatch. Table S1C . The cumulative mortalities from Sa, Ah and Biv group after challenged with S. agalactiae, A. hydrophila and coinfection at larvae aged 15 days after hatch. Table S1C. The cumulative mortalities from Sa, Ah and Biv group after challenged with S. agalactiae, A. hydrophila and coinfection at larvae aged 15 days after hatch. Table S2A . The dead fish and cumulative mortalities of tilapia larvae Biv1 and Pbs1 were challenged S. agalactiae, A. hydrophila and coinfection at larvae 14 days after larvae immunization. Table S2B . The dead fish and cumulative mortalities of tilapia larvae Biv1 and Pbs1 were challenged S. agalactiae, A. hydrophila and coinfection at larvae 21 days after larvae immunization.
